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System for Detecting and Transmitting Test Data from a Pressure Chamber Filled with a 

High-Pressure Fluid 

Description 

The present invention relates to a system for detecting and transmitting test data from a 
housing having a pressure chamber that is filled with a high-pressure fluid and is 
homogeneously pressurized. 

In the field of hydraulic valves, for example, there is frequently the problem of detecting 
the movement of a movable valve piston in the enclosure filled with a high-pressure fluid 
using a position measuring system. In the context of known systems, for example, a push 
rod attached to the valve piston is guided out of the housing and is coupled to a position 
measuring system, for example in the form of an LVDT system, situated outside of the 
housing. This is associated with the disadvantage that the sealing of the push rod leading 
out of the pressure chamber is complex and can also represent a weak point over the life 
of the valve. Another disadvantage is that the additional placement of a position 
measuring system outside of the housing enlarges the axial length of such hydraulic 
valves. 

The object of the present invention is therefore to provide a system for detecting and 
transmitting test data from a pressure chamber filled with a high-pressure fluid which 
reduces the sealing problems and the use of which results in smaller dimensions of the 
objects in question. 

The achievement of this objective including advantageous embodiments and 
enhancements of the present invention is derived from the content of the claims which 
follow this description. 
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In its basic idea, the present invention provides a system in which at least one sensing 
element is situated in the pressure chamber and is connected to printed conductors guided 
out of the housing, a circuit board, both faces of which are subjected to the pressure 
prevailing in the pressure chamber and at least one portion of which extending out of the 
housing, being situated in the pressure chamber as a support for the printed conductors, 
and the housing that encloses the pressure chamber being separated in the plane of the 
circuit board and the faces of the housing halves clamping a circuit board between them 
in such a way that radial forces within the circuit board are absorbed when pressure is 
applied. 

The path taken by the present invention of integrating a circuit board in the pressure 
chamber of a housing is uncommon because the high pressures prevailing in the pressure 
chamber can deform the circuit board material under compression loading so that the 
circuit board expands or is deformed radially under compression loading. For that reason, 
according to the present invention, the clamping of the circuit board between the housing 
halves of the separated housing is performed in such a way that the radial forces 
originating from the clamping are absorbed by the housing halves. Furthermore, a portion 
of the circuit board leads out of the housing in order to create the possibility of 
connecting appropriate measured value or signal processing devices. The present 
invention is suitable for circuit boards made from a hard plastic; additional materials are 
also possible for manufacturing appropriate circuit boards. 

For example, US 3 286 683 describes vacuum switches in which a membrane having a 
projection guided out of the housing as a support for electrical contacts is situated in a 
pressure chamber enclosed by a housing. The membrane is designed to be electrically 
conductive and is used to supply power to the electrical switching contact located on it. In 
contrast to the system of the present invention, however, different pressures prevail on 
both sides of the membrane so that as a function of the level of the different pressures, the 
membrane moves back and forth in the pressure chamber in order to perform the desired 
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switching operation. For that reason, the problem of a deformation of this membrane does 
not occur. 

A first embodiment of the present invention provides that the housing halves hold the 
circuit board by a frictional connection. 

Another advantageous embodiment of the present invention provides that the housing 
halves hold the circuit board by a positive connection, it being described in detail that the 
one housing half encompasses the opposite facing other housing half externally via an 
axially projecting flange, the external edge area of the circuit board being in contact with 
the inside of the flange. Using such a design, a type of labyrinthine mount is created for 
the circuit board, the mount being supported against the inside of the flange. 

At the same time, this design creates the possibility of largely avoiding sealing problems. 

In order to make it possible to guide the circuit board out of the housing, an exemplary 
embodiment of the present invention provides that the flange has a cutout extending 
across a limited circumferential portion, which is penetrated by a projection extending 
outwardly from the circuit board. 

Seals may be provided between the faces of the housing halves clamping the circuit board 
and the surfaces of the circuit board. 

According to the present invention, the circuit board may have a recess used to equalize 
pressure between sub-chambers of the pressure chamber located on both sides of the 
circuit board. 

This recess makes it possible in particular to connect a position measuring system to the 
circuit board; it being provided to this end that the circuit board is designed to 
accommodate a position measuring system and a position pickup coil being situated in 
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the recess and connected to printed conductors located on the circuit board, the position 
pickup coil lying in the fluid located in the pressure chamber surrounding a position 
pickup core which is axially movable through the recess of the circuit board and the 
position pickup coil. 

If a position pickup coil of this type has a wire winding wound on a coil frame, it is only 
possible to use a position pickup coil of this type in a non-conductive fluid. In order to 
avoid this use restriction, one exemplary embodiment provides that the wire winding of 
the position pickup coil located on the coil frame is spray coated with a suitable material. 
This advantageously avoids contact between the fluid and the wire windings, also making 
it possible to use conductive fluids. In addition, it is also not possible to adversely affect 
the wire winding even in a non-conductive fluid. In connection with this embodiment, it 
may also be provided that the spray coating of the wire winding includes the connectors 
of the wire winding to the printed conductors extending in the circuit board, it being 
advantageously possible for the material of the spray coating to match the material of the 
circuit board. 

According to the present invention, it is also possible to design the circuit board as a 
pressure sensor with the possibility of detecting the pressure prevailing in the pressure 
chamber of the housing by providing at least one sensor on the circuit board that detects a 
change of length of the circuit board, for example, a strain gauge. As an alternative, it 
may be provided that a sensor recording a change of the material thickness of the circuit 
board is situated in the circuit board. In both cases, the change of shape of the circuit 
board with consideration of previous calibration is a measure of the pressure prevailing in 
the pressure chamber of the housing. 

Furthermore, the present invention describes the use of an appropriately designed system 
for detecting the longitudinal movements of a movable valve piston in hydraulic valves 
so that the system according to the present invention avoids the disadvantages of the 
related art described at the outset with regard to hydraulic valves. 
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To the extent another design of the valves used in hydraulics or compressed air 
technology is described in WO 02/41332 Al, the system of the present invention is 
suitable in a particular manner for determining the movements of the movable coil frame 
in this valve design. 

The drawing shows exemplary embodiments of the present invention which are described 
below: 

Figure 1 : shows a housing enclosing a pressure chamber including a circuit board 
situated in it in a sectional partial side view, 

Figure 2: shows a section of the object of Figure 1 along line II-II in Figure 1, 

Figure 3: shows the object of Figure 1 having an integrated position measuring 
system. 

Figure 4: shows the object of Figure 3 having a spray coated position pickup coiL 

Housing 10 shown in partial section in Figure 1 encloses a pressure chamber 1 1 in which 
a circuit board 12 is situated in such a way that sub-chambers 11a, 1 lb of pressure 
chamber 1 1 are located on both sides of circuit board 12. In the plane of the arrangement 
of circuit board 12, housing 10 is separated into one housing half 13 and one housing half 
14, the faces 15 of which are adjacent to one another and clamp circuit board 12 between 
them. A flange 16 projecting axially from housing half 14 encompasses the outer 
circumference of housing half 13. 

As a combined view of Figures 1 and 2 shows, flange 16 of housing half 14 is designed 
to have a cutout 17 through which a projection 30 located on circuit board 12 is guided 
out of the housing and projects above the outer circumference of the housing. 
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In order to seal the clamping of the circuit board, seals 18 in the form of O-rings are 
situated between faces 15 of housing halves 13 and 14 which clamp the circuit board 12 
and the associated surfaces of circuit board 12, the O-rings being let into faces 15 of 
housing halves 13 and 14. 

With respect to the transfer of test data from pressure chamber 1 1 of housing 10, contacts 
20 are situated in the area of circuit board 12 lying in pressure chamber 1 1 to which 
printed conductors 2 1 are connected, which are situated in the circuit board body in the 
portion of circuit board 12 clamped between housing halves 13, 14 and extend into 
projection 30 extending outside of housing 10, external terminal contacts 22 connected to 
printed conductors 22 being provided on projection 30. 

Thus contacts 20 generally make it possible to attach suitable sensing elements to circuit 
board 12, for example, in the form of a strain gauge or a sensor detecting change of the 
material thickness of circuit board 12 and to connect the outputs of the corresponding 
sensors to contacts 20 in order to thus transfer the test signals via printed conductors 21 to 
terminal contacts 22 lying outside of housing 20. 

In the exemplary embodiment shown, with respect to the positioning of a sensing element 
in circuit board 12, a central recess 19 is positioned, which creates pressure equalization 
between sub-chambers 11a and 1 lb of pressure chamber 1 1 and also, as described with 
reference to Figure 3, offers the possibility of integrating a position measuring system. 

As Figure 3 shows, a position pickup coil 23 is situated in recess 19 of circuit board 12 
for setting up a position measuring system, the position pickup coil being connected to 
inner contacts 20 of circuit board 12 via connecting leads 26. A position pickup core 25 is 
axially movable in position pickup coil 23 and thus also in recess 19 of circuit board 12, 
the position pickup core being attached to the end of a push rod 24, it being possible for 
push rod 24 itself to be a part of a valve piston movable in a hydraulic valve when the 
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system of the present invention is used, for example. Accordingly, the longitudinal 
movements of push rod 24 are to be detected by means of position measuring system 25, 
23, the corresponding signals to be transferred outside the housing via electrical 
connections 22, 21, 20. 

As Figure 4 shows, wire winding 32 located on coil frame 31 of position pickup coil 23 
may be advantageously provided with a spray coating 35 which completely encloses wire 
winding 32 including the connections of the wire winding to printed conductors 21 
extending in circuit board 12. This spray coating 35, which may be made from the same 
material as circuit board 12, thus making it possible to manufacture position pickup coil 
23 including circuit board 12 uniformly, completely protects wire winding 32 from the 
action of the fluid present in pressure chamber 1 1 and completely surrounding position 
pickup coil 23. 

As not shown in greater detail, circuit board 12 may also be in contact with a facing 
limiting wall of pressure chamber 1 1, the housing then only being separated in the area of 
this facing housing wall. The counterpressure acting in opposition to the pressure acting 
on the pressure chamber side of circuit board 12 is exerted by the housing wall acting as a 
brace. 

The features of the objects of these documents described in the present description, the 
claims, the abstract and the drawing may be of significance for implementing the various 
embodiments of the present invention individually and also in any desired combinations 
of the above. 



